Staphylococcal protein A was originally defined by its precipitin reaction with normal human serum (12, 13) . Its presence in bacterial strains was determined by agglutination of the organism or by double diffusion in gel with bacterial extracts diffusing against normal human serum. Ninety-seven strains of Staphylococcus aureus were tested by Jensen; 73 of these contained the agglutinogen and 23 gave a protein A precipitin line in agar (12, 13) . Jensen also showed that both the agglutinogen and the precipitinogen were absent in S. epidermidis strains. A higher incidence of protein A in S. aureus was noted by Oeding and Haukenes (26) . All of the strains in their panel, except Wood 46, produced protein A, as did "nearly all" strains from a diagnostic laboratory. This higher incidence compared with Jensen's results was presumed to be due to increased sensitivity of the method used. An even more sensitive method has been developed in this laboratory by use of isolated IgG myeloma globulins without detectable antibody activity (15, 17, 24) . Quantitation of protein A on the surface of bacteria was thus possible by use of radioactively labeled myeloma globulins with protein A combining sites on their Fc parts (15) . In the present investigation, this technique was utilized for determining the occurrence of protein A in various bacteria, for quantitation of protein A, and for possible correlation with other microbial characteristics.
MATERIALS AND METHODS
Bacterial strains. Strains of S. aureus were isolated from patients with abscesses and infected wounds (91 strains), patients with osteomyelitis (16 strains), and patients with bacterial endocarditis (15 strains) . In all instances, the strains recovered were considered the causative microbial agent of the infections mentioned. In addition, 18 strains of S. aureus used as standard strains in our laboratory were studied, as well as 16 standard strains kindly provided by G. Haukenes, Bergen, Norway, and extensively investigated serologically by Oeding and Haukenes (10, 25) . The taxonomic criteria used for bacteria tested followed the Manual of Clinical Microbiology (American Society for Microbiology, Bethesda, Md., 1970). Coagulase tests were performed according to the tube method with the use of coagulase plasma (Difco).
S. epidermidis strains were also included in our study; 11 strains were isolated from the skin of healthy normal persons, and 36 strains were obtained from hospital patients. All S. epidermidis strains were coagulase-and mannitol-negative, and were capable of fermenting glucose.
Representatives of some other microbial species were also studied. These included three strains of (27) . To 5 X 109 bacterial organisms was added 2.5 to 400 Ag of 1251-labeled myeloma globulin in a total volume of 1 ml. The ratio of bound to free myeloma globulin was plotted against the concentration of bound myeloma globulin (15 
RESULTS
Effect of culture medium, incubation time, and temperature on protein A production. Two protein A-containing S. aureus strains, Cowan I and Mohr, and two nonproducers of protein A, Wood 46 and Monroe, were grown for 18 hr in BHI, Penassay Broth, and Tryptose Broth; they were then tested for amount of protein A. The Cowan I and Mohr strains produced constant amounts of protein A in all three media; the other two strains remained negative. The Cowan I strain was also cultivated on Staphylococcus Medium No. 110 containing a high sodium chloride concentration. An 18-hr growth on this medium showed a 90% reduction in amount of protein A present as compared with the same strain grown in BHI.
To assess the possible effect of incubation time on the amount of protein A present, the Cowan I strain of S. aureus was grown in BHI for 8, 13, 18, 24, and 42 hr at 37 C. The time of incubation was chosen so that all samples could be tested for amount of protein A on the same day. The protein A content of the Cowan I strain grown for five different lengths of time was the same. The 18-hr incubation time used in the quantitation method therefore did not seem to be critical. The other staphylococcal strains (17A, F21) were also grown for 18 and 42 hr. The amount of protein A for each strain after these two lengths of incubation was the same. A constant amount of protein A in bacteria at different points of the growth curve also indicated that the inoculum size was not critical. This has also been our experience in comparisons of a heavy inoculum with a very small one.
Experiments were also performed to study the effect of increased CO2 tension on protein A production. No difference in amount of protein A present was noted for the Cowan I and 17A strains of S. aureus when grown under increased CO2 tension or in the regular incubator.
S. aureus Cowan I was also grown in BHI at 20, 37, and 41 C for 18 hr. With the 37 C growth as a standard, the culture grown at 20 C showed only about half the amount of protein A, whereas the culture grown at 41 C showed an increase of approximately 20% (Fig. 1) .
Formalin treatment of staphylococci. S. aureus Cowan I was treated with 0.5% Formalin for 3 hr, 3% Formalin for 30 min, and 5% Formalin in phosphate-buffered saline for 24 hr. The treatment resulted in a decrease in the protein A content to about 70% for treatment with both 0.5 and 3% Formalin and to about 25% with 5 % VOL. 3, 1971 Formalin. Treated bacteria were also stored in suspension at 4 C for 1, 2, 3, and 6 days. the strains (1), no apparent correlation was found.
The same lack of correlation was true for other protein A-positive strains tested.
Correlation between protein A and antigenic types. The absence or presence of protein A in 16 type strains was compared with 26 antigens detected in these strains by Oeding and Haukenes (4) (5) (6) (7) (8) (9) (10) 25) . No correlation was found for any of these antigenic factors and protein A production.
Absorption of normal human serum with strains of staphylococci. To illustrate the effect of the amount of protein A in various strains, normal human serum was absorbed with S. aureus strains Cowan I, Cowan II, and Cowan III, as well as Wood 46. As shown in Fig. 3 , absorption with Cowan I and Cowan III resulted in almost complete loss or a marked decrease, respectively, of the yG present, whereas Cowan II and Wood 46, containing no protein A, did not change the -yG line as compared with a control. DISCUSSION Protein A is characterized by a unique reactivity with the Fc part of human (2, 14, 17) as well as animal yG globulin (16; G. Kronvall, H. M. Grey, and R. C. Williams, Jr., J. Immunol., in press). These findings have made possible a simple technique for determination of protein A on bacteria by use of isolated human myeloma globulins as reagents (15) . This method was utilized in the present investigation. Protein A was found to be present only in S. aureus strains, a finding in accordance with previous data obtained by the agar gel precipitation technique (3, 12, 13, 26 (26) . This is further emphasized by the higher incidence of nontypability among protein A-negative strains when tested with routine phages. These latter strains can be regarded as borderline strains by these two criteria (28) .
The quantitative studies failed to reveal any pattern among the various strains tested. In addition, most strains tested several times showed some day to day variation of protein A present. This variation was not correlated to certain experiments because strains tested the same day showed both increases and decreases. The variation was not related to the medium used, the inoculum size, or the incubation time or temperature. As judged from Scatchard plots, the difference between strains in protein A content as well as the variations in the same strain were due to real differences in the number of protein A residues. In no case was a difference in affinity noted. James Among S. aureus strains recovered from osteomyelitic lesions and staphylococcal endocarditis patients, a striking difference in the incidence of protein A-negative strains was apparent. We have previously noted a change in protein A content in a strain after experimental osteomyelitis infection (23) . This change in rabbit osteomyelitis, however, was opposite from the trend noted here. It may be that various locations of infection in the body involving different modes of host reaction select out protein A-containing or -noncontaining mutant strains. Further experiments in animals and on fresh cultures from patients with infections are necessary to solve these problems.
In a previous study, we showed a rapid decrease of protein A when the bacteria were stored in the cold (15) . For absorption experiments (Kronvall, Grey, and Williams, in press), fresh bacteria were therefore used. In the present study, we have found that Formalin-treated staphylococci do not lose their cell wall-associated protein A material. Such bacteria may, therefore, be prepared and stored for absorption experiments. Our results showing a marked reduction of protein A content when staphylococci were grown on high salt medium are also in line with other reports (10, 24) . Our more sensitive technique showed that the suppression was not complete.
Cell walls of staphylococci consist of a mucopeptide structure made up of a mucopolysaccharide-teichoic acid network cross-linked by a cell wall polypeptide (22) . To this basic structure are added proteins in an as yet unresoLved way. James and Brewer have studied the protein coating of staphylococci by means of electrophoretic mobility measurements (11) . Their results indicated a correlation between protein coating and production of protein A. This might be interpreted to mean that only one or a few genetic loci are involved in the production of cell wall-associated protein material. Our 
